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Data transmission method and radio system 

FIELD OF THE INVENTION 

The invention relates to a data transmission method used in a radio 
system comprising a subscriber terminal and at least one base station 
5 transmitting signals to the subscriber terminal by means of its antenna. 

BACKGROUND OF THE INVENTION 

In transmitting signals, prior art radio systems use various diversity 
methods to improve the quality of data transmission. Diversity methods 
include, for instance, orthogonal transmit diversity (OTD), time switching 

10 transmit diversity (TSTD) and selective transmit diversity (STD). The above- 
mentioned diversity methods can be used in future WCDMA systems, for 
instance. Said methods improve BER performance, for instance, in data 
transmission. Of the above-mentioned methods, especially the STD method 
provides the greatest advantages as compared with the OTD and TSTD 

1 5 methods, for instance. 

In FDD systems, the STD method can be used in selecting 
antennas, for instance. In this case, in a radio system, a subscriber terminal, 
which can be a mobile phone, for instance, selects and advises the base 
station to select an as optimal antenna as possible for the base station to use 

20 in a downlink signal transmission. The selection of antennas is based on 
measuring the quality of signals transmitted by the base station antennas and 
comparing the obtained measurement results with each other. 

However, the use of STD methods causes load problems in the 
power amplifiers of the transceiver. The problems are caused because the 

25 load of the power amplifiers is not always distributed evenly between the 
various power amplifiers, and the differences in loads may be relatively big. In 
a CDMA-type radio system, for instance, a situation may arise in practice 
where a given transmission branch of a base station is selected to transmit 
signals to a large number of subscriber terminals which establish simultaneous 

30 connections by means of the signals. Such a selection method calls for 
extensive dynamics of the power amplifier at the transmission branch. 
Extensive dynamics call for using a high crest coefficient in designing the 
power amplifiers, which coefficient is determined by the ratio of the maximum 
output required of the power amplifier and its average output. 

35 Let us assume that the base station comprises a first and a second 
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transmission antenna which transmit a signal to the same subscriber terminal. 
Let us further assume that the base station comprises a first power amplifier 
feeding its signal to the first transmission antenna and a second power 
amplifier feeding its signal to the second transmission antenna. If the 
5 subscriber terminal is advantageously located with respect to the first 
transmission antenna, for instance, the subscriber terminal receives a signal of 
at least slightly better quality from the first transmission antenna. In practice, it 
may well be possible that the signal transmitted by the second antenna is also 
received as a relatively good-quality signal. If the antenna is selected to 

10 transmit a signal to mobile phones, of which there are K and to each of which 
the base station power amplifier transmits the signal at P power, the dynamics 
of the base station power amplifier must achieve a power level of at least KP. 

Because the selection of antennas is based solely on measuring 
the absolute quality of the signal, the subscriber terminal sends to the base 

1 5 station a command to use the first transmission antenna. If sufficiently many 
subscriber terminals command the base station to use the first transmission 
antenna, it is possible that the nominal loadability of the first power amplifier is 
exceeded. If the subscriber terminal has had to select the better of two base 
station antennas, for instance, the subscriber terminal can transmit information 

20 on the selection by using one selection bit. In the above-mentioned situation, 
the value of the selection bit may be T, for instance, indicating the selection of 
the first transmission antenna, for instance. The value '0' of the selection bit 
would then have indicated the selection of the second transmission antenna. 

The selection method is, however, not optimal from the point of view 

25 of the power amplifier load, since the used method may lead to overload in the 
power amplifier feeding the selected transmission antenna. The load of the 
power amplifiers is thus too uneven in some situations. Said problems are at 
least partly caused by the fact that measuring the signal quality is based on 
absolute values which does not lead to the best possible solution for the 

30 operation of the system. 

BRIEF DESCRIPTION OF THE INVENTION 

The object of the invention is thus to implement a method and an 
apparatus implementing the method in such a manner that the above- 
mentioned problems can be solved. This object is achieved by a data 
35 transmission method as described in the specification, characterized by 
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determining the quality of the signals received by the subscriber terminal by 
comparing the received signals with at least one signal quality threshold level, 
sending to the base station, which transmitted the signal that exceeded the 
threshold, information on the antennas which transmitted the signals that 
5 exceeded the threshold, or information on the transmission direction, from 
which the signal that exceeded the threshold was received, selecting from the 
antennas, which transmitted the signal that exceeded the threshold, an 
antenna or antennas to continue the transmission of the signal to said 
subscriber terminal, or selecting from the transmission directions, from which 

10 the signal that exceeded the threshold was received, a transmission direction 
or directions, to which to continue the transmission of the signal to said 
subscriber terminal. 

In addition, the object is achieved by a data transmission method as 
described in the specification, characterized by determining the quality of the 

15 signals received by the subscriber terminal by comparing the received signals 
with at least one signal quality threshold level, and when only one signal 
exceeds the threshold, sending to the base station which transmitted the 
signal that exceeded the threshold a command to use, when transmitting a 
signal to said subscriber terminal, the antenna with which the signal that 

20 exceeded the threshold was transmitted, or the transmission direction to which 
the signal that exceeded the threshold was transmitted. 

The invention also relates to a radio system comprising at least one 
subscriber terminal and at least one base station comprising an antenna with 
which the base station transmits signals to the subscriber terminal. 

25 The radio system of the invention is characterized in that the 

subscriber terminal comprises a measuring means which determines the 
quality of the signals received by the subscriber terminal by comparing the 
received signals with at least one signal quality threshold level, the subscriber 
terminal sends to the base station, which transmitted the signal that exceeded 

30 the threshold, information on the antennas from which the signal that 
exceeded the threshold was transmitted, or information on the transmission 
directions from which the signal that exceeded the threshold was received, the 
base station comprises a means which selects from the antennas, which 
transmitted the signals that exceeded the threshold, an antenna or antennas 

35 which continue to transmit a signal to said subscriber terminal, or the means 
selects from the transmission directions of the signals, which exceeded the 



WO 00/41339 




PCT/FI99/01062 



threshold, a transmission direction or directions to which the base station 
continues to transmit a signal. 

In addition, the radio system of the invention is characterized in that 
the subscriber terminal comprises a measuring means which determines the 
5 quality of the signals received by the subscriber terminal by comparing the 
received signal with at least one signal quality threshold level, and when only 
one signal exceeds the threshold, the subscriber terminal sends to the base 
station, which transmitted the signal that exceeded the threshold, a command 
to use, when transmitting a signal to said subscriber terminal, the antenna with 
10 which the base station transmitted the signal that exceeded the threshold, or 
the transmission direction to which the signal that exceeded the threshold was 
transmitted. 

The preferred embodiments of the invention are disclosed in the 
dependent claims. 

15 The invention is based on the idea that the subscriber terminal 

measures the signals transmitted by the base station by comparing them to a 
threshold level, and the transmission antenna, transmission direction or beam 
used by the base station is selected case by case either in the subscriber 
terminal or base station. 

20 The data transmission method and radio system of the invention 

provide several advantages. With the method of the invention, the load of the 
amplifiers in the base station of the radio system can continuously be 
distributed as evenly as possible between each amplifier. Since the load 
remains even, the dynamics of the amplifiers need not be as extensive as in 

25 amplifiers used in prior art radio systems, thus facilitating the design of 
amplifiers. 

The method minimizes the unevenness of load between power 
amplifiers by letting the base station select the transmission antenna of a 
downlink transmission, when necessary. If the base station uses adaptive 

30 antennas, the method of the invention makes it possible to select a 
transmission direction which causes as little interference as possible to the 
other signals in the radio network. 

In addition, the method makes it possible to implement a flexibly 
operating radio system. In a receiver, which is a subscriber terminal, of the 

35 radio system of the invention, the received signals are categorized by means 
of threshold levels into different signal groups. Using several thresholds makes 
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5 

it possible to allocate channels more flexibly to receivers. In addition, using 
thresholds improves the reliability of the antenna selection. The solution of the 
invention is relatively easy to implement by altering signalling, for instance. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 The invention will now be described in greater detail by means of 

preferred embodiments with reference to the attached drawings, in which 
Figure 1 shows a radio system of the invention, 
Figure 2 shows the structure of a base station of the radio system, 
Figure 3 shows a more detailed description of the base station, 
10 Figure 4 shows the structure of a subscriber terminal in the radio 

system, 

Figure 5 illustrates the purpose of use of the threshold levels, 
Figure 6 illustrates the selection process used in the radio system. 

DETAILED DESCRIPTION OF THE INVENTION 

Figure 1 shows a radio system comprising a base station 100, 
subscriber terminals 200, a base station controller 300 and a mobile switching 
centre 400. The subscriber terminals 200 can be mobile phones, for instance. 
The base station comprises transmitters 130, 131 and receivers 160, 161. In 
addition, the base station comprises antennas 140, 141 with which the base 
station transmits and receives signals. The base station transmits to a 
subscriber terminal and receives from a subscriber terminal a signal 150 by 
means of its antenna 140. In addition, the base station transmits to a 
subscriber terminal and receives from a subscriber terminal a signal 151 by 
means of its antenna 141. The figure shows that the subscriber terminal 
comprises a transmitter 201 and a receiver 202. The subscriber terminal can 
receive signals transmitted from the various antennas of the base station. The 
signals containing the same information received by the subscriber terminal 
can also be transmitted by different base stations. 

Figure 2 shows in greater detail the structure of the base station 
100 in the radio system of the invention. The base station comprises antennas 
140, 141 acting in practice as transceiver antennas. In addition, the base 
station comprises an amplifier 1 11, a radio frequency part 1 12, a demodulator 
113 and a decoder 114 on the receiving side. The base station can use 
antenna diversity, for instance, in transmission. The antennas must be located 
far enough from each other when using antenna diversity. The distance of the 



15 



20 



25 



30 



35 



WO 00/41339 




PCT/FI99/01062 



antennas can be at least 10 to 20fold, for instance, in relation to the used 
wavelength. 

The antennas can also be adaptive antennas, for instance, in which 
case they allow the use of angle diversity in transmitting signals. The base 
5 station forms beams with the adaptive antennas to use in transmitting signals. 
The adaptive antennas are located at a distance of at most half of the used 
wavelength, for instance, in relation to each other. 

The radio-frequency signal received by the base station is 
forwarded from the antenna to the amplifier 111 which amplifies the level of 

10 the received signal. The amplified signal is forwarded to the radio frequency 
part 112 which transfers the signal to an intermediate frequency. The radio 
frequency part 112 is connected to the demodulator 113 which returns the 
broadband signal to a narrowband data signal, if the signal in question is a 
CDMA signal. The invention is, however, not in any way restricted to the 

15 CDMA system, and the system can, for instance, be a TDMA system or a 
radio system operating according to another principle. 

The data signal is forwarded from the demodulator 112 to the 
decoder 114 which decodes the data signal in a suitable manner. The signal 
coming in to the decoder 114 can be convolution-coded, for instance. The 

20 operation of the decoder 114 can be based on the Viterbi algorithm, for 
instance. Typically, the decoder 114 decrypts and deinterleaves the signal. 

On the transmission side, the base station comprises an amplifier 
121, a coder 122, a modulator 123 and a radio frequency part 124. The coder 
122 receives a signal and, after coding it, transmits the signal to the modulator 

25 123. The coder 122 can use convolution coding, for instance. In addition, the 
coder 122 encrypts the signal, for instance. The coder 122 also interleaves the 
signal bits or bit groups. In practice, the modulator 123 can act as a symbol 
modulator, for instance. If the transceiver is of CDMA type, the signal received 
from the modulator 123 is pseudo-random noise-coded into a broadband 

30 spread-spectrum signal. After this, the spread-spectrum signal is converted 
into radio frequency according to prior art in the radio frequency part 124. The 
radio-frequency signal is forwarded to the amplifier 121 which amplifies the 
signal. The amplified signal is transmitted via the antenna to the radio path. 
The base station also comprises a means 1 02 which controls the operation of 

35 the above-mentioned base station blocks, and a means 1 03 which stores data 
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on the load status of the amplifiers, for instance. The means 103 can be 
implemented with a memory circuit, for instance. 

In practice, the receiving side of the base station comprises several 
receiver branches. Correspondingly, the transmitting side of the base station 
5 may comprise several transmitter branches and each transmitter branch can 
be connected to its own antenna, for instance. In addition, the signals going 
through each transmitter branch are typically forwarded to different amplifiers 
for amplification. Figure 3 illustrates the above-mentioned base station which 
has several amplifiers acting as power amplifiers on the transmitting side. 

10 Figure 4 shows in greater detail the structure of the subscriber 

terminal used in the radio system of the invention. The subscriber terminal 
comprises an antenna 240, an amplifier 211, a radio frequency part 212, a 
demodulator 213, a decoder 214, an amplifier 221, a coder 222, a modulator 
223 and a radio frequency part 224, an amplifier 221 and a control means 202. 

15 In principle, the above-mentioned subscriber terminal parts function in the 
same way as the parts corresponding to said parts in the base station. In 
addition, the subscriber terminal comprises a measuring means 230 which 
measures the quality of the signals received by the subscriber terminal. 
Measuring the quality can be based on measuring signal strength, amplitude- 

20 to-power ratio, S/N ratio, signal energy or signal bit error ratio, for instance. 
The measuring means can measure the signal quality continuously or 
periodically. 

The subscriber terminal can simultaneously receive signals from 
either the same base station or from several base stations. The measuring 

25 means 230 in the subscriber terminal measures the received signals. The 
purpose for measuring the signal quality is to select the most optimal antenna 
for the radio system to transmit the signal to the subscriber terminal. The 
transmission direction or the beam used in transmission can also be selected 
on the basis of the signal quality measurement. The base station can use the 

30 load situation of an amplifier, for instance, as a selection criterion. Another 
purpose is that the final selection decision on the transmission antenna, 
transmission direction and/or amplifier is made either in the subscriber terminal 
or the base station. 

The measuring means 230 compares the measured signal with one 

35 or more threshold levels. Figure 5 shows a diagram illustrating the purpose of 
use of the threshold levels used in the subscriber terminal. Let us assume that 
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the subscriber terminal receives a signal 150 transmitted by an antenna 140, 
and a signal 151 transmitted by an antenna 141. There is at least one 
threshold level for the received signals, with which the signal quality is 
compared. The threshold levels can be pre-set at fixed values, for instance. In 
5 measuring the received signal, the placement of the signal being measured is 
examined in relation to the threshold level. The signal being measured can be 
either below or above the threshold level. In some special cases, the signal 
being measured may be at exactly the threshold level. In the radio system of 
the invention, a method known as the B-STD diversity method (Balanced 
10 Selective Transmit Algorithm) is used to help select the transmission antenna 
and transmission direction of the base station. The signals of different 
antennas or beams can be distinguished from each other in the subscriber 
terminal on the basis of different codes, their pilot signal or training sequence 
code. 

15 Let us assume that in Figure 5, the subscriber terminal receives a 

signal S1 and S2. Let us further assume that the base station antenna 140 
transmits the signal S1 and the antenna 141 transmits the signal S2. When the 
quality of both signals exceeds the pre-set level Th, the subscriber terminal 
sends information on the quality of the signals to the base station, and 

20 consequently, either the antenna 140 which transmitted the signal S1 or the 
antenna 141 which transmitted the signal S2 can be selected as the final 
transmission antenna. In the above situation, both antennas 140, 141 can be 
selected as final transmission antennas. The same principle can also be used 
when selecting the beam or the transmission direction. In the situation 

25 described above, the base station makes the final decision on the 
transmission antenna, transmission beam or transmission direction on the 
basis of the information sent by the subscriber terminal. In practice, the means 
102 in the base station makes the decision. 

If the signal S1 exceeds the threshold, but the signal S2 is below it, 

30 the subscriber terminal sends information on the quality of the signals to the 
base station. After receiving the information, the base station continues to 
transmit the signal S1 through the antenna 140. If the signal S1 is below the 
threshold, but the signal S2 exceeds it, the subscriber terminal sends 
information on the quality of the signals to the base station, and having 

35 received it, the base station continues to transmit the signal S2 through 
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antenna 140. In the above-mentioned situations, the final decision on the 
transmission antenna, for instance, is already made in the subscriber terminal. 

If both signals S1, S2 are below the threshold level, the subscriber 
terminal sends information on the quality of the signals to the base station 
5 which can, for instance, stop transmitting both signals. Therefore, the setting 
of the threshold level has a high significance. The threshold level can be set to 
a level, for instance, that when the signal received by the subscriber terminal 
is below it, the base station antenna which transmitted the signal will not be 
taken into consideration in the selection process. However, when the quality of 

10 the signal received by the subscriber terminal is above the threshold level, the 
base station antenna which transmitted the signal is considered in the 
selection process. In the case described above, the subscriber terminal can 
send the information on the signal quality or antenna selection in one bit. If the 
subscriber terminal receives signals with M antennas, M bits are required to 

15 send all above-mentioned information to the base station. 

Figure 5 shows that on the basis of the quality measurement made 
by the subscriber terminal, preliminary candidates are selected for the 
transmission antenna, transmission direction or transmission beam of the base 
station. The final selection is made on the basis of the preliminary selection, 

20 and the final selection can be made either in the subscriber terminal or the 
base station depending on the case. 

Figure 6 illustrates the selection process. Figure 6 shows areas 250 
and 252 which are ellipse-shaped. The areas 250 and 252 overlap slightly. 
The overlapping area 251, which is common to the areas 250, 252, is marked 

25 with lines. When the area 251 common to the areas 250 and 252 is subtracted 
from the area 250, an area A remains. When the area common to the areas 
250 and 252 is subtracted from the area 252, an area B remains. Let us 
assume that the antenna 140 transmits a signal S1 and the antenna 141 a 
signal S2. When the signals received by the subscriber terminal fulfil the 

30 quality condition (S^Th, S 2 >Th) in the area A, the antenna 141 is selected. 
When the signals received by the subscriber terminal fulfil the condition 
(S^Th, S 2 <Th) in the area B, the antenna 140 is selected. In the two previous 
cases, the subscriber terminal makes the final decision on the transmission 
antenna used by the base station. 

35 If the signals received by the subscriber terminal are in the area 

251, the subscriber terminal sends information to the base station that both 
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signals exceed the threshold. After receiving the information, the base station 
can, if necessary, select the antenna 140 and/or 141. In this situation, the 
base station makes the final selection on the transmission antenna. In addition 
to the antenna, it is also possible to select and make a decision on the 
5 transmission direction or the beam the base station uses for transmission. 
When the subscriber terminal transfers the decision selection to the base 
station, it simultaneously informs the base station of suitable antenna 
candidates. When the final decision on the selection is made in the base 
station, the means 102 in the base station selects the transmission beam 

10 causing the least interference. When the final decision on the selection is 
made in the subscriber terminal, the means 202 in the subscriber terminal 
selects the transmission beam causing the least interference to be the beam 
for the base station. 

When the base station has been given the right to decide on the 

15 diversity antenna selection, the base station can make the decision on the 
transmission antenna on the basis of the load in the amplifier that feeds the 
antenna. The decision can, for instance, be based on the load of the network 
or amplifier at the moment on hand, or on a short-time or long-time load of the 
amplifier. The means 102 in the base station preferably selects the amplifier 

20 with the lowest load to feed the selected transmission antenna. This way, the 
load distribution of the amplifiers remains as even as possible all the time. 

The actual load distribution of the amplifiers can be continuously 
estimated by various means. The means 102 can keep a record of the 
selections made during a longer period of time. In addition, the means 102 can 

25 keep a record of the current and short-term selections. The estimation can 
easily be done by means of two counters. The counter keeping track of the 
longer-term selections, can, for instance, calculate an average power for each 
amplifier. The counter keeping track of the short-term selections can instead 
monitor the maximum loads, for instance. The latter counter can, for instance, 

30 keep a record of the load situation of a time slot being transmitted at a given 
time. If several counters are used, the incidence probabilities of various load 
situations can be calculated by different statistical methods. 

The load situation data can be utilized when updating the utilization 
rate data of the amplifiers. The data being updated can be weighted taking 

35 into consideration the data transmission rate used in transmission, because 
the data transmission rate is comparable with the required transmission power. 
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In practice this means that when transmitting a signal burst at a basic rate, the 
counter is incremented by one unit, for instance. When a burst is transmitted 
at q times the basic rate, the counter is incremented by one q unit. 

Because the data transmission method is based on using a closed 
5 loop, the benefit derived from the use of the method is slightly reduced when 
the subscriber terminal moves at a high speed. When the radio system has 
detected that the rate of movement of the subscriber terminal exceeds a 
predefined limit rate, the base station can send to the subscriber terminal a 
command, on the basis of which the subscriber terminal stops transmitting the 

10 antenna selection bits to the base station. The radio system can utilize another 
diversity method for the downlink direction during the time that the subscriber 
terminal moves at a high speed. If the subscriber terminal can measure its own 
speed, the subscriber terminal can send information on a suitable transmission 
antenna to the base station. The selection of an antenna transmitting in the 

15 downlink direction can also be based on a combined selection in which the 
decision on the antenna is made on the basis of the decisions made by the 
subscriber terminal and the base station. 

If there are M antennas, for instance, to select from, the amount of 
antenna selection information sent by the subscriber terminal depends on the 

20 capacity reserved for the transmission of said information at a given time. If 
the data field in the signal frame is large enough, information on the best 
antennas and their order of priority can be sent to the base station. It can be 
generalized that the more transmission antennas are used in the downlink 
direction, the more probable it is that the most optimal transmission antenna is 

25 selected. On the other hand, the subscriber terminal must then have enough 
capacity to transmit several selection bits to the base station. 

A subscriber terminal acting as a receiver uses one or more 
threshold levels, the application of which enables the division and grouping of 
the signals in received channels. By means of the division, the downlink 

30 channels can be divided into different groups, such as 'good', 'average' and 
'poor'. 

The threshold or thresholds are set in such a manner that they 
divide the operating area as appropriately as possible so that the different 
channel spaces can be distinguished. When using only one threshold, special 
35 attention should be paid to selecting the threshold, because the channels are 
then divided relatively roughly. If the threshold is set too low, antenna selection 
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can be made on the basis of a channel having a high attenuation, which is not 
advisable. If the threshold is set too high, even good-quality channels may be 
rejected during the division process. Power control commands sent earlier can 
also be taken into account when setting the threshold. 
5 If several channels are acceptable to the subscriber terminal for 

downlink transmission, the subscriber terminal lets the base station select the 
most suitable transmission antenna. The selection is based on the load of the 
power amplifiers in the base station. In the above situation, the base station 
can balance the load situation of the base stations within its own capability. 

10 If signals, which when received are of 'poor' quality, are transmitted 

to the subscriber terminal on two different channels, the information on the 
quality of the channels can be sent to the base station in two bits by a 
signalling combination of '11\ for instance. Using signalling, the subscriber 
terminal informs the base station that, in principle, none of the measured 

15 downlink channels are good for transmission, and consequently the 
transmission of said signals can be interrupted. Transmission interruption can 
be used when transmitting data in packets, for instance. When using real-time 
transmission and when all signals received by the subscriber terminal are 
below the threshold level, the antenna which transmitted the best signal is 

20 selected to continue transmitting the signal. 

If the base station is sending data or non-real-time data, for 
instance, the base station can, if necessary, interrupt the transmission until 
better channel conditions are again available. This way, it is possible to avoid 
a situation in which the base station tries in vain to establish a connection by 

25 increasing its transmission power, thus increasing interference to other signals 
in the radio system. It is thus possible to prevent the occurrence of common 
channel interference, for instance, by means of the method. In real-time 
transmission, in which the signalling flow should be continuous, a base station 
can transmit a signal to the subscriber terminal through several antennas. 

30 Even though the invention has been explained in the above with 

reference to an example in accordance with the accompanying drawings, it is 
obvious that the invention is not restricted to it but can be modified in many 
ways within the scope of the inventive idea disclosed in the attached claims. 
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CLAIMS 

1 . A data transmission method used in a radio system comprising a 
subscriber terminal (200) and at least one base station (100) which transmits 
signals to the subscriber terminal by means of its antenna (140, 141), 

5 characterized by 

determining the quality of the signals received by the subscriber 
terminal by comparing the received signals with at least one signal quality 
threshold level, 

sending to the base station (100), which transmitted the signal that 
10 exceeded the threshold, information on the antennas, which transmitted the 
signals that exceeded the threshold, or on the transmission directions from 
which the signal that exceeded the threshold was received, 

selecting from the antennas, which transmitted the signal that 
exceeded the threshold, an antenna or antennas to continue the transmission 
15 of the signal to said subscriber terminal (200), or selecting from the 
transmission directions, from which the signal that exceeded the threshold was 
received, a transmission direction or directions, to which to continue the 
transmission of the signal to said subscriber terminal. 

2. A data transmission method used in a radio system comprising 
20 a subscriber terminal (200) and at least one base station (100) which transmits 

signals to the subscriber terminal by means of its antenna (140, 141), 

characterized by 

determining the quality of the signals received by the subscriber 

terminal (200) by comparing the received signals with at least one signal 
25 quality threshold level, and 

when only one signal exceeds the threshold, sending to the base 

station (100), which transmitted the signal that exceeded the threshold, a 

command to use, when transmitting a signal to said subscriber terminal, the 

antenna with which the signal that exceeded the threshold was transmitted, or 
30 the transmission direction to which the signal that exceeded the threshold was 

transmitted. 

3. A method as claimed in claim 1, characterized in that 
when the quality of several signals is within the acceptable levels, information 
on the quality of the signals is sent to the base station (100), and the base 
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station can, on the basis of the information, decide which antenna or direction 
it will use to continue transmitting the signal. 

4. A method as claimed in claim 1, characterized in that 
the signals transmitted by the base stations are amplified by amplifiers (121), 

5 and in the method, the antenna which is connected to the amplifier with the 
lowest load is selected as the transmission antenna. 

5. A method as claimed in claim 1, characterized in that 
the signals transmitted by the base stations are amplified by amplifiers (121) 
before transmission, and in the method, the selection decision is made on the 

10 basis of the load situation of the amplifiers. 

6. A method as claimed in claim 1 or 2, characterized in 
that if the quality of the signal received by the subscriber terminal (200) is 
below the lowest acceptable quality level, information on the quality of the 
above-mentioned signal is sent to the base station which, after receiving the 

1 5 information, interrupts the transmission of the poor-quality signal. 

7. A method as claimed in claim 1, characterized in that 
the signal is transmitted to the subscriber terminal (200) by means of beams, 
and the final decision on the transmission antenna, transmission direction or 
beam to be used by the base station is made in the base station (100). 

20 8. A method as claimed in claim 2, characterized in that 

the signal is transmitted to the subscriber terminal (200) by means of beams, 
and the final decision on the transmission antenna, transmission direction or 
beam to be used by the base station is made in the subscriber terminal (200). 

9. A method as claimed in claim 1, characterized in that 
25 the transmission beam of the base station causing the least interference is 

selected and the selection decision is made in the base station (100). 

10. A method as claimed in claim 2, characterized in that 
the transmission beam of the base station causing the least interference is 
selected and the selection decision is made in the subscriber terminal (200). 

30 11. A radio system comprising at least one subscriber terminal 

(200) and at least one base station (100) comprising an antenna (140, 141) by 
means of which the base station transmits signals to the subscriber terminal, 
characterized in that 

the subscriber terminal comprises a measuring means (230) which 

35 determines the quality of the signals received by the subscriber terminal by 
comparing the received signals with at least one signal quality threshold level, 
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the subscriber terminal sends to the base station, which transmitted 
the signal that exceeded the threshold, information on the antennas by which 
the signal that exceeded the threshold was transmitted, or information on the 
transmission directions from which the signal that exceeded the threshold was 
5 received, 

the base station (100) comprises a means (102) which selects from 
the antennas (140, 141), which transmitted the signals that exceeded the 
threshold, an antenna or antennas which continue to transmit the signal to 
said subscriber terminal (200), or the means (102) selects from the 
10 transmission directions of the signals, which exceeded the threshold, a 
transmission direction or directions to which the base station continues to 
transmit the signal. 

12. A radio system comprising at least one subscriber terminal 
(200) and at least one base station (100) comprising an antenna (140, 141) by 

15 means of which the base station transmits signals to the subscriber terminal, 
characterized in that 

the subscriber terminal (200) comprises a measuring means (230) 
which determines the quality of the signals received by the subscriber terminal 
by comparing the received signals with at least one signal quality threshold 

20 level, and 

when only one signal exceeds the threshold, the subscriber terminal 
(200) sends to the base station (100), which transmitted the signal that 
exceeded the threshold, a command to use, when transmitting a signal to said 
subscriber terminal, the antenna with which the signal that exceeded the 
25 threshold was transmitted, or the transmission direction to which the signal 
that exceeded the threshold was transmitted. 

13. A radio system as claimed in claim 11, characterized in 
that when the quality of several signals is within the acceptable levels, the 
subscriber terminal (200) sends to the base station information, on the basis of 

30 which the base station can decide which antenna (140, 141) or direction the 
base station will use to continue transmitting the signal. 

14. A radio system as claimed in claim 11, characterized 
in that the base station comprises amplifiers (121) which amplify the signals 
before their transmission, and the means (102) selects as the transmission 

35 antenna of the base station the antenna or antennas which are connected to 
the amplifier with the smallest load. 
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1 5. A radio system as claimed in claim 11, characterized in 
that the base station comprises amplifiers (121) which amplify the signals 
before their transmission, and the means (102) makes the selection decision 
on the basis of the load situation of the amplifiers (121). 
5 16. A radio system as claimed in claim 11 or 12, 

characterized in that if the quality of the signal received by the 
subscriber terminal is below the lowest acceptable quality level, the subscriber 
terminal (200) sends information on the quality of the above-mentioned signal 
to the base station which, after receiving the information, stops transmitting the 
10 signal with the antenna by which the signal that was below the threshold was 
transmitted. 

1 7. A radio system as claimed in claim 11, characterized in 
that the base station (100) transmits the signal to the subscriber terminal (200) 
by means of beams, and the final decision on the transmission antenna, 

15 transmission direction or beam to be used in the base station is made in the 
base station (100). 

18. A radio system as claimed in claim 12, characterized in 
that the base station (100) transmits the signal to the subscriber terminal (200) 
by means of beams, and the final decision on the transmission antenna, 

20 transmission direction or beam to be used in the base station (100) is made in 
the subscriber terminal (200). 

19. A radio system as claimed in claim 11, characterized in 
that the base station comprises a means (102) which selects as the 
transmission beam of the base station the transmission beam causing the 

25 least interference. 

20. A radio system as claimed in claim 12, characterized in 
that the subscriber terminal comprises a means (202) which selects as the 
transmission beam of the base station the transmission beam causing the 
least interference. 
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antennas can be at least 10 to 20fold, for instance, in relation to the used 
wavelength. 

The antennas can also be adaptive antennas, for instance, in which 
case they allow the use of angle diversity in transmitting signals. The base 

5 station forms beams with the adaptive antennas to use in transmitting signals. 
The adaptive antennas are located at a distance of at most half of the used 
wavelength, for instance, in relation to each other. 

The radio-frequency signal received by the base station is 
forwarded from the antenna to the amplifier 1 1 1 which amplifies the level of 

10 the received signal. The amplified signal is forwarded to the radio frequency 
part 112 which transfers the signal to an intermediate frequency. The radio 
frequency part 112 is connected to the demodulator 113 which returns the 
broadband signal to a narrowband data signal, if the signal in question is a 
CDMA signal. The invention is, however, not in any way restricted to the 

15 CDMA system, and the system can, for instance, be a TDMA system or a 
radio system operating according to another principle. 

The data signal is forwarded from the demodulator 112 to the 
decoder 114 which decodes the data signal in a suitable manner. The signal 
coming in to the decoder 114 can be convolution-coded, for instance. The 

20 operation of the decoder 114 can be -based on the Viterbi algorithm, for 
instance. Typically, the decoder 1 14 decrypts and deinterleaves the signal. 

On the transmission side, the base station comprises an amplifier 
121, a coder 122, a modulator 123 and a radio frequency part 124. The coder 
122 receives a signal and, after coding it, transmits the signal to the modulator 

25 123. The coder 122 can use convolution coding, for instance. In addition, the 
coder 122 encrypts the signal, for instance. The coder 122 also interleaves the 
signal bits or bit groups. In practice, the modulator 123 can act as a symbol 
modulator, for instance. If the transceiver is of CDMA type, the signal received 
from the modulator 123 is pseudo-random noise-coded into a broadband 

30 spread-spectrum signal. After this, the spread-spectrum signal is converted 
into radio frequency according to prior art in the radio frequency part 124. The 
radio-frequency signal is forwarded to the amplifier 121 which amplifies the 
signal. The amplified signal is transmitted via the antenna to the radio path. 
The base station also comprises a means 102 which controls the operation of 

35 the above-mentioned base station blocks, and a means 103 which stores data 
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on the load status of the amplifiers, for instance. The means 103 can be 
implemented with a memory circuit, for instance. 

In practice, the receiving side of the base station comprises several 
receiver branches. Correspondingly, the transmitting side of the base station 
5 may comprise several transmitter branches and each transmitter branch can 
be connected to its own antenna, for instance. In addition, the signals going 
through each transmitter branch are typically forwarded to different amplifiers 
for amplification. Figure 3 illustrates the above-mentioned base station which 
has several amplifiers acting as power amplifiers on the transmitting side. 

10 Figure 4 shows in greater detail the structure of the subscriber 

terminal used in the radio system of the invention. The subscriber terminal 
comprises an antenna 240, an amplifier 211, a radio frequency part 212, a 
demodulator 213, a decoder 214, an amplifier 221, a coder 222, a modulator 
223 and a radio frequency part 224, an amplifier 221 and a control means 202. 

15 In principle, the above-mentioned subscriber terminal parts function in the 
same way as the parts corresponding to said parts in the base station. In 
addition, the subscriber terminal comprises a measuring means 230 which 
measures the quality of the signals received by the subscriber terminal. 
Measuring the quality can be based on measuring signal strength, amplitude- 

20 to-power ratio, S/N ratio, signal energy or signal bit error ratio, for instance. 
The measuring means can measure the signal quality continuously or 
periodically. 

The subscriber terminal can simultaneously receive signals from 
either the same base station or from several base stations. The measuring 

25 means 230 in the subscriber terminal measures the received signals. The 
purpose for measuring the signal quality is to select the most optimal antenna 
for the radio system to transmit the signal to the subscriber terminal. The 
transmission direction or the beam used in transmission can also be selected 
on the basis of the signal quality measurement. The base station can use the 

30 load situation - of an amplifier, for instance, as a selection criterion. Another 
purpose is that the final selection decision on the transmission antenna, 
transmission direction and/or amplifier is made either in the subscriber terminal 
or the base station. 

The measuring means 230 compares the measured signal with one 

35 or more threshold levels. Figure 5 shows a diagram illustrating the purpose of 
use of the threshold levels used in the subscriber terminal. Let us assume that 



WO 00/41339 




PCT/FI99/01062 



8 

the subscriber terminal receives a signal. 150 transmitted by an antenna 140, 
and a signal 151 transmitted by an antenna 141. There is at least one 
threshold level for the received signals, with which the signal quality is 
compared. The threshold levels can be pre-set at fixed_yalues, for instance. In 
5 measuring the received signal, the placement of the signal being measured is 
examined in relation to the threshold level. The signal being measured can be 
either below or above the threshold level. In some special cases, the signal 
being measured may be at exactly the threshold level. In the radio system of 
the invention, a method known as the B-STD diversity method (Balanced 
10 Selective Transmit Algorithm) is used to help select the transmission antenna 
and transmission direction of the base station. The signals of different 
antennas or beams can be distinguished from each other in the subscriber 
terminal on the basis of different codes, their pilot signal or training sequence 
code. 

15 Let us assume that in Figure 5, the subscriber terminal receives a 

signal S1 and S2. Let us further assume that the base station antenna 140 
transmits the signal S1 and the antenna 141 transmits the signal S2. When the 
quality of both signals exceeds the pre-set level Th, the subscriber terminal 
sends information on the quality of the signals to the base station, and 

20 consequently, either the antenna 140 which transmitted the signal S1 or the 
antenna 141 which transmitted the signal S2 can be selected as the final 
transmission antenna. In the above situation, both antennas 140, 141 can be 
selected as final transmission antennas. The same principle can also be used 
when selecting the beam or the transmission direction. In the situation 

25 described above, the base station makes the final decision on the 
transmission antenna, transmission beam or transmission direction on the 
basis of the information sent by the subscriber terminal. In practice, the means 
102 in the base station makes the decision. 

If the signal S1 exceeds the threshold, but the signal S2 is below it, 

30 the subscriber terminal sends information on the quality of the signals to the 
base station. After receiving the information, the base station continues to 
transmit the signal S1 through the antenna 140. If the signal S1 is below the 
threshold, but the signal S2 exceeds it, the subscriber terminal sends 
information on the quality of the signals to the base station, and having 

35 received it, the base station continues to transmit the signal S2 through 
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antenna 140. In the above-mentioned situations, the final decision on the 
transmission antenna, for instance, is already made in the subscriber terminal. 

If both signals S1, S2 are below the threshold level, the subscriber 
terminal sends information on the quality of the signals to the base station 

5" which can, for instance, stop transmitting both signals. Therefore, the setting 
of the threshold level has a high significance. The threshold level can be set to 
a level, for instance, that when the signal received by the subscriber terminal 
is below it, the base station antenna which transmitted the signal will not be 
taken into consideration in the selection process. However, when the quality of 

10 the signal received by the subscriber terminal is above the threshold level, the 
base station antenna which transmitted the signal is considered in the 
selection process. In the case described above, the subscriber terminal can 
send the information on the signal quality or antenna selection in one bit. If the 
subscriber terminal receives signals with M antennas, M bits are required to 

15 send all above-mentioned information to the base station. 

Figure 5 shows that on the basis of the quality measurement made 
by the subscriber terminal, preliminary candidates are selected for the 
transmission antenna, transmission direction or transmission beam of the base 
station. The final selection is made on the basis of the preliminary selection, 

20 and the final selection can be made either in the subscriber terminal or the 
base station depending on the case. 

Figure 6 illustrates the selection process. Figure 6 shows areas 250 
and 252 which are ellipse-shaped. The areas 250 and 252 overlap slightly. 
The overlapping area 251, which is common to the areas 250, 252, is marked 

25 with lines. When the area 251 common to the areas 250 and 252 is subtracted 
from the area 250, an area A remains. When the area common to the areas 
250 and 252 is subtracted from the area 252, an area B remains. Let us 
assume that the antenna 140 transmits a signal S1 and the antenna 141 a 
signal S2. When the signals received by the subscriber terminal fulfil the 

30 quality condition (S^Th, S 2 >Th) in the area A, the antenna 141 is selected. 
When the signals received by the subscriber terminal fulfil the condition 
(S^Th, S 2 <Th) in the area B, the antenna 140 is selected. In the two previous 
cases, the subscriber terminal makes the final decision on the transmission 
antenna used by the base station. 

35 if the signals received by the subscriber terminal are in the area 

251, the subscriber terminal sends information to the base station that both 
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signals exceed the threshold. After receiving the information, the base station 
can, if necessary, select the antenna 140 and/or 141. In this situation, the 
base station makes the final selection on the transmission antenna. In addition 
- to the antenna, it is also possible to select and make a decision on the 
5 transmission direction or the beam the base station uses for transmission. 
When the subscriber terminal transfers the decision selection to the base 
station, it simultaneously informs the base station of suitable antenna 
candidates. When the final decision on the selection is made in the base 
station, the means 102 in the base station selects the transmission beam 

10 causing the least interference. When the "final decision on the selection is 
made in the subscriber terminal, the means 202 in the subscriber terminal 
selects the transmission beam causing the least interference to be the beam 
for the base station. 

When the base station has been given the right to decide on the 

15 diversity antenna selection, the base station can make the decision on the 
transmission antenna on the basis of the load in the amplifier that feeds the 
antenna. The decision can, for instance, be based on the load of the network 
or amplifier at the moment on hand, or on a short-time or long-time load of the 
amplifier. The means 102 in the base station preferably selects the amplifier 

20 with the lowest load to feed the selected transmission antenna: This way, the 
load distribution of the amplifiers remains as even as possible all the time. 

The actual load distribution of the amplifiers can be continuously 
estimated by various means. The means 102 can keep a record of the 
selections made during a longer period of time. In addition, the means 102 can 

25 keep a record of the current and short-term selections. The estimation can 
easily be done by means of two counters. The counter keeping track of the 
longer-term selections, can, for instance, calculate an average power for each 
amplifier. The counter keeping track of the short-term selections can instead 
monitor the maximum loads, for instance. The latter counter can, for instance, 

30 keep a record of the load situation of a time slot being transmitted at a given 
time. If several counters are used, the incidence probabilities of various load 
situations can be calculated by different statistical methods. 

The load situation data can be utilized when updating the utilization 
rate data of the amplifiers. The data being updated can be weighted taking 

35 into consideration the data transmission rate used in transmission, because 
the data transmission rate is comparable with the required transmission power. 
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In practice this means that when transmitting a signal burst at a basic rate, the 
counter is incremented by one unit, for instance. When a burst is transmitted 
at q times the basic rate, the counter is incremented by one q unit. 

Because the data transmission method is based on using a closed 
5 loop, the benefit derived from the use of the method is slightly reduced when 
the subscriber terminal moves at a high speed. When the radio system has 
detected that the rate of movement of the subscriber terminal exceeds a 
predefined limit rate, the base station can send to the subscriber terminal a 
command, on the basis of which the subscriber terminal stops transmitting the 

10 antenna selection bits to the base station. The radio system can utilize another 
diversity method for the downlink direction during the time that the subscriber 
terminal moves at a high speed. If the subscriber terminal can measure its own 
speed, the subscriber terminal can send information on a suitable transmission 
antenna to the base station. The selection of an antenna transmitting in the 

15 downlink direction can also be based on a combined selection in which the 
decision on the antenna is made on the basis of the decisions made by the 
subscriber terminal and the base station. 

If there are M antennas, for instance, to select from, the amount of 
antenna selection information sent by the subscriber terminal depends on the 

20 capacity reserved for the transmission of said information at a given time. If 
the data field in the signal frame is large enough, information on the best 
antennas and their order of priority can be sent to the base station. It can be 
generalized that the more transmission antennas are used in the downlink 
direction, the more probable it is that the most optimal transmission antenna is 

25 selected. On the other hand, the subscriber terminal must then have enough 
capacity to transmit several selection bits to the base station. 

A subscriber terminal acting as a receiver uses one or more 
threshold levels, the application of which enables the division and grouping of 
the signals in received channels. By means of the division, the downlink 

30 channels can be divided into different groups, such as 'good', 'average 1 and 
'poor 1 . 

The threshold or thresholds are set in such a manner that they 
divide the operating area as appropriately as possible so that the different 
channel spaces can be distinguished. When using only one threshold, special 
35 attention should be paid to selecting the threshold, because the channels are 
then divided relatively roughly. If the threshold is set too low, antenna selection 
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can be made on the basis of a channel having a high attenuation, which is not 
advisable. If the threshold is set too high, even good-quality channels may be 
rejected during the division process. Power control commands sent earlier can 
also be taken into account when setting the threshold. - 
5 If several channels are acceptable to the subscriber terminal for 

downlink transmission, the subscriber terminal lets the base station select the 
most suitable transmission antenna. The selection is based on the load of the 
power amplifiers in the base station. In the above situation, the base station 
can balance the load situation of the base stations within its own capability. 

10 If signals, which when received are of 'poor' quality, are transmitted 

to the subscriber terminal on two different channels, the information on the 
quality of the channels can be sent to the base station in two bits by a 
signalling combination of '11', for instance. Using signalling, the subscriber 
terminal informs the base station that, in principle, none of the measured 

15 downlink channels are good for transmission, and consequently the 
transmission of said signals can be interrupted. Transmission interruption can 
be used when transmitting data in packets, for instance. When using real-time 
transmission and when all signals received by the subscriber terminal are 
below the threshold level, the antenna which transmitted the best signal is 

20 selected to continue transmitting the signal. 

If the base station is sending data or non-real-time data, for 
instance, the base station can, if necessary, interrupt the transmission until 
better channel conditions are again available. This way, it is possible to avoid 
a situation in which the base station tries in vain to establish a connection by 

25 increasing its transmission power, thus increasing interference to other signals 
in the radio system. It is thus possible to prevent the occurrence of common 
channel interference, for instance, by means of the method. In real-time 
transmission, in which the signalling flow should be continuous, a base station 
. can transmit a signal to the subscriber terminal through several antennas. 

30 Even though the invention has been explained in the above with 

reference to an example in accordance with the accompanying drawings, it is 
obvious that the invention is not restricted to it but can be modified in many 
ways within the scope of the inventive idea disclosed in the attached claims. 
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Tiedonsiirtomenetelma ja radiojarjestelma 
Keksinnon ala 

Keksinnon kohteena on tiedonsiirtomenetelma, jota kaytetaan ra- 
diojarjestelmassa, joka koostuu tilaajapaatelaitteesta ja ainakin yhdesta tuki- 
5 asemasta, joka lahettaa antenninsa avulla tilaajapaatelaitteelle signaaleja. 

Keksinnon tausta 

Tunnetun tekniikan mukaisissa radiojarjestelmissa kaytetaan sig- 
naalien lahetyksessa erilaisia diversiteettimenetelmia, joiden avulla tiedonsiir- 
ron laatua parannetaan. Erilaisista diversiteettimenetelmista voidaan mainita 

10 esimerkiksi ortogonaalinen lahetysdiversiteetti (OTD = Orthogonal Transmit 
Diversity), aikakytkentainen lahetysdiversiteetti (TSTD = Time Switching 
Transmit Diversity) ja valintainen lahetysdiversiteetti (STD = Selective 
Transmit Diversity). Edella mainittuja diversiteettimenetelmia on mahdollista 
kayttaa esimerkiksi tulevaisuuden WCDMA-jarjestelmissa. Mainituilla menetel- 

15 milla voidaan parantaa esimerkiksi BER-suorituskykya tiedonsiirrossa. EdeHS 
mainituista menetelmista etenkin STD-menetelmalla saavutetaan suurimmat 
edut verrattuna esimerkiksi OTD- ja TSTD-menetelmiin. 

FDD-jarjestelmissa STD-menetelmSa voidaan kayttaa esimerkiksi 
antennien valinnassa. Tuolloin radiojarjestelmassa tilaajapaatelaite, joka voi 

20 olla esimerkiksi matkapuhelin, valitsee ja informoi tukiasemaa valitsemaan 
mahdollisimman optimaalisen antennin, jota tukiaseman kannattaa kayttaa 
downlink-suuntaisessa signaalin lahetyksessa. Antennien valinta perustuu tu- 
kiasema-antennien lahettamien signaalien laadun mittaamiseen ja saatujen 
mittaustulosten keskinaiseen vertaamiseen. 

25 Kuitenkin STD-menetelmien kayttaminen aiheuttaa kuormitusongel- 

mia lahetinvastaanottimen tehovahvistimissa. Ongelmat johtuvat siita, etta te- 
hovahvistimien kuormitus ei laheskaan aina jakaannu eri tehovahvistimien 
kesken tasaisesti, vaan kuormituserot voivat olla hyvinkin suuria. Esimerkiksi 
CDMA-tyyppisessa radiojarjestelmassa voi kaytannossa olla tilanne, jossa tu- 

30 kiaseman jokin tietty lahetyshaara yalitaan lahettamaan signaaleja suurelle 
joukolle tilaajapaatelaitteita, jotka muodostavat signaalien avulla samanaikai- 
sia yhteyksia. Tallainen valintamenetelma edellyttaa lahetyshaarassa olevalta 
tehovahvistimelta hyvin suurta dynamiikkaa. Laaja dynamiikka edellyttaa, etta 
tehovahvistimien suunnittelussa kaytetaan suurta crest-kerrointa, joka maari- 
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tellaan vahvistimelta vaadittavan maksimitehon ja keskimaaraisen tehon suh- 
teesta. 

Oletetaan, etta tukiasema kasittaa ensimmaisen ja toisen lahe- 
tysantennin, jotka lahettavSt signaalia samalle tilaajapaatelaitteelle. Oletetaan 
5 viela, etta tukiasema kasittaa ensimmaisen tehovahvistimen, joka syottaa sig- 
naaliaan ensimmSiselle lahetysantennille, ja toisen tehovahvistimen, joka 
syottaa signaaliaan toiselle lahetysantennille. Mikali tilaajapaatelaite sijaitsee 
edullisessa paikassa suhteessa esimerkiksi ensimmaiseen lahetysantenniin, 
vastaanottaa tilaajapaatelaite laadultaan ainakin jonkin verran parempaa sig- 
10 naalia ensimmaiselta lahetysantennilta. Kaytannossa voi olla hyvinkin mahdol- 
lista, etta toisenkin antennin lahettama signaali vastaanotetaan laadultaan 
suhteellisen hyvana. Mikali antenni valitaan lahettamaan signaalia matkapu- 
helimille, joita esimerkiksi K-kappaletta ja joista jokaiselle tukiaseman teho- 
vahvistin lahettaa signaalia teholla P, pitaa tukiaseman tehovahvistimen dy- 
15 namiikka ainakin yltaa tehotasolle KP. 

Koska antennien valinta perustuu pelkastaan signaalin absoluutti- 
sen laadun mittaamiseen, lahettaa tilaajapaate tukiasemalla kaskyn kayttaa 
ensimmaista lahetysantennia. Mikali tarpeeksi moni tilaajapaatelaite komentaa 
tukiasemaa kayttamaSn ensimmaista lahetysantennia, voi ensimmaisen teho- 
20 vahvistimen nimellinen kuormitettavuus ylittya. Mikali tilaajapaatelaite on jou- 
tunut valitsemaan esimerkiksi kahdesta tukiasema-antennista paremman, on 
tilaajapaatelaite voinut lahettaa tiedon valinnasta kayttamalla yhta valintabittia. 
Valintabitin arvo on voinut olla edellamainitussa tilanteessa esimerkiksi '1', jo- 
ka on tarkoittanut esimerkiksi ensimmaisen lahetysantennin valintaa. Valinta- 
25 bitin arvo '0' on merkinnyt tukiaseman toisen lahetysantennin valintaa. 

Valintamenetelma ei ole kuitenkaan ollut optimaalinen tehovahvis- 
timien kuormituksen kannalta, koska kaytetty menetelma on voinut johtaa va- 
littua lahetysantennia syottavan tehovahvistimen ylikuormittumiseen. Teho- 
vahvistimien kuormitus on siis joissakin tilanteissa ollut liian paljon epatasa- 
30 painossa. Mainitut ongelmat ovat ainakin osaksi johtuneet siita, etta signaalin 
laadun mittaaminen on perustunut absoluuttisiin arvoihin, mika ei ole johtanut 
koko jarjestelman toiminnan kannalta parhaaseen mahdolliseen Iopputulok- 
seen. 

Keksinnon lyhyt selostus 

35 Keksinnon tavoitteena on siten toteuttaa menetelma ja menetelman 

toteuttava laitteisto siten, etta ylla mainitut ongelmat saadaan ratkaistua. Tama 
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saavutetaan johdannossa esitetyn tyyppisella tiedonsiirtomenetelmalla, jolle 
on tunnusomaista, etta maaritetaan tilaajapaatelaitteen vastaanottamien sig- 
naalien laadukkuus vertaamalla vastaanotettuja signaaleja ainakin yhteen sig- 
naalin laadun kynnystasoon, lahetetaan kynnyksen ylittaneen signaalin lahet- 

5 taneelle tukiasemalle tieto antenneista, jotka lahettivat kynnyksen ylittaneita 
signaaleja, tai tieto lahetyssuunnista, joista kynnyksen ylittanytta signaalia 
vastaanotettiin, vaiitaan antenneista, jotka lahettivat kynnyksen ylittanytta sig- 
naalia, antenni tai antennit, jotka jatkavat signaalin lahettarnista mainitulle ti- 
laajapaatelaitteelle, tai vaiitaan lahetyssuunnista, joista vastaanotettiin kyn- 

10 nyksen ylittanytta signaalia, lahetyssuunta tai lahetyssuunnat, joihin signaalin 
lahettarnista mainitulle tilaajapaatelaitteelle jatketaan. 

Lisaksi tama saavutetaan johdannossa esitetyn tyyppisella tiedon- 
siirtomenetelmalla, jolle on tunnusomaista, etta maaritetaan tilaajapaatelait- 
teen vastaanottamien signaalien laadukkuus vertaamalla vastaanotettuja sig- 

15 naaleja ainakin yhteen signaalin laadun kynnystasoon, ainoastaan yhden sig- 
naalin ylittaessa kynnyksen, lahetetaan kynnyksen ylittaneen signaalin lahet- 
taneelle tukiasematla komento kayttaa signaalin lahettamisessa mainitulle ti- 
laajapaatelaitteelle antennia, jolla lahetettiin kynnyksen ylittanyt signaali, tai 
lahetyssuuntaa, johon kynnyksen ylittanyt signaali lahetettiin. 

20 Keksinnon kohteena on myos radiojarjestelma, joka kasittaa ainakin 

yhden tilaajapaatelaitteen ja ainakin yhden tukiaseman, joka kasittaa antennin, 
jonka avulla tukiasema fahettaa signaaleja tilaajapaatelaitteelle. 

Keksinnon mukaiselle radiojarjestelmalle on tunnusomaista, etta ti- 
laajapaatelaite kasittaa mittausvalineen, joka maarittaa tilaajapaatelaitteen 

25 vastaanottamien signaalien laadukkuuden vertaamalla vastaanotettuja sig- 
naaleja ainakin yhteen signaalin laadun kynnystasoon, tilaajapaatelaite lahet- 
taa kynnyksen ylittaneen signaalin lahettaneelle tukiasemalle tiedon anten- 
neista, joiden avulla kynnyksen ylittanyt signaali lahetettiin, tai tiedon lahetys- 
suunnista, joista kynnyksen ylittanyt signaali vastaanotettiin, tukiasema kasit- 

30 taa valineen, joka valitsee kynnyksen ylittaneiden signaaleiden lahettaneista 
antenneista antennin tai antennit, jotka jatkavat signaalin lahettarnista maini- 
tulle tilaajapaatelaitteelle, tai valine valitsee kynnyksen ylittaneiden signaalin 
lahetyssuunnista lahetyssuunnan tai lahetyssuunnat, joihin tukiasema jatkaa 
signaalin lahettarnista. 

35 Lisaksi keksinnon mukaiselle radiojarjestelmalle on tunnusomaista, 

etta tilaajapaatelaite kasittaa mittausvalineen, joka maarittaa tilaajapaatelait- 
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teen vastaanottamien signaalien laadukkuuden vertaamalla vastaanotettuja 
signaaleja ainakin yhteen signaalin laadun kynnystasoon, ainoastaan yhden 
signaalin ylittaessa kynnyksen, tilaajapaatelaite lahettaa kynnyksen ylittaneen 
signaalin lahettaneelle tukiasemalle komennon kayttaa signaalin lahettamises- 
5 sa mainitulle tilaajapaatelaitteelle sita antennia, jonka avulla tukiasema lahetti 
kynnyksen ylittaneen signaalin, tai sita lahetyssuuntaa, johon kynnyksen ylit- 
tanyt signaali lahetettiin. 

Keksinnon edulliset suoritusmuodot ovat epaitsenaisten patentti- 

vaatimusten kohteena. 

10 KeksintQ perustuu siihen, etta tilaajapaate mittaa tukiaseman la- 

hettamia signaaleja vertaamalla signaaleja kynnystasoon, ja tukiaseman 
kayttama lahetysantenni, lahetyssuunta tai keila valitaan tilanteen mukaan jo- 
ko tilaajapaatelaitteessa tai tukiasemassa. 

Keksinnon mukaisella tiedonsiirtomenetelmalla ja radiojarjestelmalla 

15 saavutetaan useita etuja. Keksinnon mukaisen menetelman avulla saadaan 
radiojarjestelman tukiasemassa olevien vahvistimien kuormitus jaettua joka 
hetki mahdollisimman tasaisesti jokaisen vahvistimen kesken. Koska kuormi- 
tus pysyy tasaisena, vahvistimien dynamiikan ei tarvitse olla niin suuri kuin 
tunnetun tekniikan mukaisissa radiojarjestelmissa kaytettavissa vahvistimissa, 

20 jolloin vahvistimien suunnittelu helpottuu. 

Menetelmalla minimoidaan tehovahvistimien valilla kulloinkin oleva 
kuormitusepatasapaino antamalla tarvittaessa tukiaseman valita downlink- 
suuntaisen lahetyksen lahetysantenni. Mikali tukiasemassa kaytetaan adaptii- 
visia antenneja, voidaan keksinnon mukaisella menetelmalla valita sellainen 

25 lahetyssuunta, joka aiheuttaa mahdollisimman vahan interferenssia muille ra- 
dioverkon signaaleille. 

Lisaksi menetelma mahdollistaa joustavasti toimivan radiojarjestel- 
man toteuttamisen. Keksinnon mukaisen radiojarjestelman vastaanottimessa, 
joka on tilaajapaatelaite, jaotellaan vastaanotetut signaalit kynnystasojen avul- 

30 la eri signaaliryhmiin kuuluviksi. Useampien kynnysten kayttaminen mahdol- 
listaa kanavien joustavamman allokoinnin vastaanottimille. Lisaksi kynnysten 
kayttaminen parantaa antennivalinnan luotettavuutta. Keksinnon mukainen rat- 
kaisu on suhteellisen helppo toteuttaa esimerkiksi signalointia muuttamalla. 

Kuvioiden lyhyt selostus 

35 Keksintoa selostetaan nyt lahemmin edullisten suoritusmuotojen 

yhteydessa, viitaten oheisiin piirroksiin, joissa 
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kuvio 1 esittaa keksinnon mukaista radiojarjestelmaa, 
kuvio 2 esittaa radiojarjestelman tukiaseman rakennetta, 
kuvio 3 esittaa tarkemmin tukiasemaa, 

kuvio 4 esittaa radiojarjestelmassa olevan tilaajapaatelaitteen ra- 

5 kennetta, 

kuvio 5 selventaa kynnystasojen kayttotarkoitusta, 

kuvio 6 selventaa radiojarjestelmassa kaytettavaa valintaprosessia. 

Keksinnon yksityiskohtainen selostus 

Kuvio 1 esittaa radiojarjestelman, joka kasittaa tukiaseman 100, ti- 
10 laajapaatelaitteita 200, tukiasemaohjaimen 300 ja matkapuhelinkeskuksen 
400. Tilaajapaatelaitteet 200 voivat olla esimerkiksi matkapuhelimia. Tukiase- 
ma kasittaa lahettimia 130, 131 ja vastaanottimia 160, 161. Lisaksi tukiasema 
kasittaa antenneja 140, 141, joiden avulla tukiasema lahettaa ja vastaanottaa 
signaalia. Tukiasema lahettaa tilaajapaatelaitteelle ja vastaanottaa tilaajapaa- 
15 telaitteelta antenninsa 140 avulla signaalia 150. Lisaksi tukiasema lahettaa ti- 
laajapaatelaitteelle ja vastaanottaa tilaajapaatelaitteelta antenninsa 141 avulla 
signaalia 151. Kuviosta nahdaan, etta tilaajapaatelaite kasittaa lahettimen 201 
ja vastaanottimen 202. Tilaajapaatelaite voi vastaanottaa signaaleja, jotka on 
lahetetty tukiaseman eri antenneilta. Tilaajapaatelaitteen vastaanottamat sig- 
20 naalit, jotka sisaltavat saman informaation, voivat olla myos eri tukiasemien la- 
hettamia. 

Kuvio 2 esittaa tarkemmin keksinnon mukaisessa radiojarjestelmassa 
olevan tukiaseman 100 rakennetta. Tukiasema kasittaa antennit 140, 141, jot- 
ka toimivat kaytannossa lahetinvastaanotinantenneina. Lisaksi tukiasema ka- 

25 sittaa vastaanottopuolella vahvistimen 111, radiotaajuusosan 112, demodu- 
laattorin 113 ja dekooderin 114. Tukiasema voi kayttaa lahetyksessa esimer- 
kiksi antennidiversiteettia. Kaytettaessa antennidiversiteettia, sijoitetaan anten- 
nit tarpeeksi kauas toisistaan. Antennien etaisyys voi olla vahintaan esimerkik- 
si 10 - 20 -kertainen kaytettyyn aallonpituuteen nahden. 

30 Antennit voivat olla myos esimerkiksi adaptiivisia antenneja, jolloin ne 

mahdollistavat kulmadiversiteetin kayttamisen signaalien lahetyksessa. Tuki- 
asema muodostaa adaptiivisten antennien avulla keiloja, joiden avulla tuki- 
asema lahettaa signaaleja. Adaptiiviset antennit sijoitetaan toisiinsa nahden 
etaisyydelle, joka on esimerkiksi enintaan puolet kaytetysta aallonpituudesta. 

35 Tukiaseman vastaanottama radiotaajuinen signaali viedaan anten- 

nista vahvistimelle 111, joka vahvistaa vastaanottamansa signaalin tasoa. 
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Vahvistettu signaali viedaan radiotaajuusosalle 112, joka siirtaa signaalin va- 
litaajuudelle. Radiotaajuusosa 112 ovat yhteydessa demodulaattoriin 113, joka 
palauttaa laajakaistaisen signaalin kapeakaistaiseksi datasignaaliksi, mikali 
kyseessa on CDMA-signaali. Keksinto ei kuitenkaan rajoitu mitenkaan CDMA- 
5 jSrjestelmaan, vaan jarjestelma voi olla esimerkiksi TDMA-jarjestelma tai jolla- 
kin muulia periaatteella toimiva radiojarjestelma. 

Datasignaali viedaan demodulaattorilta 112 dekooderille 114, joka de- 
koodaa datasignaalin sopivalla tavalla. Dekooderille 114 tuleva signaali voi 
olla esimerkiksi konvoluutiokoodattu. Dekooderin 114 toiminta voi perustua 
10 esimerkiksi Viterbi-algoritmiin. Tyypillisesti dekooderi 114 purkaa signaalin sa- 
lauksen ja lomituksen. 

Tukiasema kasittaa lahetyspuolella vahvistimen 121, kooderin 122, 
modulaattorin 123 ja radiotaajuusosan 124. Kooderin 122 vastaanottaa sig- 
naalia ja lahettaa koodaamansa signaalin modulaattorille 123. Kooderi 122 voi 
15 kayttaa koodauksessa esimerkiksi konvoluutiokoodausta. Lisaksi kooderi 122 
suorittaa signaalille esimerkiksi salauksen. Edelleen kooderi 122 lomittaa sig- 
naalin bitit tai bittiryhmat. Modulaattori 123 voi toimia kaytannossa esimerkiksi 
symbolimodulaattorina. Kun lahetinvastaanotin on CDMA-tyyppinen, modu- 
laattorilta 123 saatu signaali valekohinakoodataan laajakaistaiseksi hajaspekt- 
20 risignaaliksi. Taman jalkeen hajaspektrisignaali muunnetaan radiotaajuiseksi 
tunnetun tekniikan mukaisesti radiotaajuusosassa 124. Radiotaajuinen sig- 
naali viedaan vahvistimelle 121, joka vahvistaa signaalin. Vahvistettu signaali 
lahetetaan antennin kautta radiotielle. Edelleen tukiasema kasittaa valineen 
102, joka ohjaa edella mainittujen tukiasemalohkojen toimintaa, ja valineen 
25 103, johon talletetaan tietoja esimerkiksi vahvistimien kuormitustilanteista. Va- 
line 103 voidaan toteuttaa esimerkiksi muistipiirilla. 

Kaytannossa tukiaseman vastaanottopuoli koostuu useista vastaan- 
otinhaaroista. Vastaavasti tukiaseman lahetyspuoli voi koostua useista lahe- 
tinhaaroista, jolloin jokainen lahetinhaara voidaan kytkea esimerkiksi omaan 
30 antenniinsa. Lisaksi jokaisen lahetinhaaran kautta menevat signaalit viedaan 
vahvistettavaksi tyypillisesti eri vahvistimille. Kuvio 3 selventaa edella mainit- 
tua tukiasemaa, joka kasittaa lahetyspuolella useita vahvistimia, jotka toimivat 
tehovahvistimina. 

Kuvio 4 esittaa tarkemmin keksinnon mukaisessa radiojarjestelmassa 
35 kaytettavan tilaajapaatelaitteen rakennetta. Tilaajapaatelaite kasittaa antennin 
240, vahvistimen 211, radiotaajuusosan 212, demodulaattorin 213, dekooderin 
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214, vahvistimen 221, kooderin 222, moclulaattorin 223 ja radiotaajuusosan 
224, vahvistimen 221 ja ohjausvalineen 202. Edella rnainitut tilaajapaatelait- 
teen osat periaatteessa toimivat samalla tavalla kuin mainittuja osia vastaavat 
osat tukiasemassa. Lisaksi tilaajapaatelaite kasittaa mittausvalineen 230, joka 
5 mittaa tilaajapaatelaitteen vastaanottamien signaalien laadukkuutta. Laaduk- 
kuuden mittaaminen voi perustua esimerkiksi signaalin voimakkuuden, ampli- 
tudi-teho-suhteen, S/N-suhteen, signaalin energian tai signaalin bittivirhesuh- 
teen mittaamiseen. Mittausvaline voi mitata signaalin laadukkuutta jatkuvalla 
tavalla tai ajoittain. 

10 Tilaajapaatelaite voi samanaikaisesti vastaanottaa signaaleja joko sa- 

malta tai usealta eri tukiasemalta. Tilaajapaatelaitteessa oleva mittausvaline 
230 mittaa vastaanotettuja signaaleja. Signaalien laadun mittaamisen tarkoi- 
tuksena on valita radiojarjestelman kannalta mahdollisimman optimaalinen 
antenni lahettamaan tilaajapaatelaitteelle signaalia. Signaalin laadun mittaa- 

15 misen perusteella voidaan valita myos lahetyssuunta tai lahetyksessa kaytet- 
tava keila. Tukiasema voi kayttaa eraana valintakriteerina esimerkiksi vahvis- 
timen kuormitustilannetta. Edelleen tarkoituksena on se, etta tukiaseman la- 
hetysantennin, lahetyssuunnan ja/tai vahvistimen lopullinen valintapaatos teh- 
daan joko tilaajapaatelaitteessa tai tukiasemassa. 

20 Mittausvaline 230 vertaa mittaamaansa signaalia yhteen tai useam- 

paan kynnystasoon. Kuviossa 5 esitetaan kaavio, joka selventaa tilaajapaate- 
laitteessa kaytettavien kynnystasojen kayttotarkoitusta. Oletetaan, etta tilaa- 
japaatelaite vastaanottaa signaalia 150, jonka on lahettanyt antenni 140, ja 
signaalia 151, jonka on lahettanyt antenni 141. Vastaanotettuja signaaleja 

25 varten on ainakin yksi kynnystaso, johon signaalin laatua verrataan. Kynnysta- 
sot voivat olla esimerkiksi ennalta asetettu kiinteisiin arvoihin. Vastaanotetun 
signaalin mittaamisessa tarkastellaan mitattavan signaalin sijoittumista suh- 
teessa kynnystasoon. Mitattava signaaii voi olla joko jonkin kynnystason ala- 
tai ylapuolella. Joissakin erikoistapauksissa mitattava signaaii voi olla juuri 

30 kynnystason suuruinen. Keksinnon mukaisessa radiojarjestelmassa kaytetaan 
ns. B-STD-diversiteettimenetelmaa (B-STD = Balanced Selective Transmit Al- 
gorithm) apuna tukiaseman lahetysantennin ja lahetyssuunnan valitsemisessa. 
Eri antennien tai eri keilojen signaalit voidaan erottaa tilaajapaatelaitteessa 
toisistaan eri koodien, pilottisignaalin tai esimerkiksi opetusjakson perusteella. 

35 Oletetaan kuvioon 5 liittyen, etta tilaajapaatelaite vastaanottaa sig- 

naalia S1 ja S2. Oletetaan viela, etta tukiaseman antenni 140 lahettaa signaa- 
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lia S1 ja etta antenni 141 lahettaa signaalia S2. Kun kummankin signaalin 
laatu ylittaa ennalta asetetun tason Th, lahettaa tilaajapaatelaite tiedon sig- 
naalien laaclusta tukiasemalle, jolloin voidaan joko signaalin S1 lahettanyt an- 
tenni 140 tai signaalin S2 lahettanyt antenni 141 valita lopulliseksi lahetysan- 
5 tenniksi. Edella mainitussa tilanteessa voidaan lopullisiksi lahetysantenneiksi 
myos valita molemmat antennit 140, 141. Samalla periaatetta voidaan kayttaa 
myos keilan tai lahetyssuunnan valitsemisessa. Edella selostetussa tilantees- 
sa tukiasema tekee tilaajapaatelaitteen lahettaminen tietojen perusteella lopul- 
lisen paatoksen lahetysantennista, lahetyskeilasta tai lahetyksen suunnasta. 

10 Kaytannossa tukiasemassa paatoksen tekee valine 102. 

Mikali signaali S1 ylittaa kynnyksen, mutta signaali S2 on kynnysta- 
son alapuolella, lahettaa tilaajapaatelaite tiedon signaalien laadusta tukiase- 
malle. Tiedon saatuaan tukiasema jatkaa signaalin S1 lahettamista antennilla 
140. Mikali taas signaali S1 on kynnyksen alapuolella, mutta signaali S2 ylittaa 

15 kynnystason, lahettaa tilaajapaatelaite signaalien laadusta tukiasemalle tie- 
don, jonka saatuaan tukiasema jatkaa signaalin S2 lahettamista antennilla 
140. Edella mainituissa tilanteissa lopullinen paatos esimerkiksi lahetysanten- 
nista tehdaan siis jo tilaajapaatelaitteessa. 

Mikali molemmat signaalit S1, S2 ovat kynnystason alapuolella, la- 

20 hettaa tilaajapaatelaite tiedon signaalien laadusta tukiasemalle, joka voi esi- 
merkiksi keskeyttaa kummankin signaalin lahettamisen. Kynnystason asetta- 
miskohdalla on siis hyvin suuri merkitys. Kynnystaso voidaan asettaa esimer- 
kiksi sellaiseksi, etta tilaajapaatelaitteen vastaanottaman signaalin ollessa 
kynnystason alapuolella, ei signaalin lahettanytta tukiasema-antennia oteta 

25 huomioon valintaprosessissa. Sen sijaan tilaajapaatelaitteen vastaanottaman 
signaalin laadun ollessa kynnystason ylapuolella, otetaan signaalin lahettanyt 
tukiasema-antenni huomioon valintaprosessissa. Edella kuvatussa tapaukses- 
sa voi tilaajapaatelaite lahettaa tiedon signaalin laadusta tai antennivalinnasta 
yhdella bitilla. Mikali tilaajapaatelaite vastaanottaa signaaleja antenneilta, joita 

30 on M-kappaletta, tarvitaan M-kappaletta bitteja, jotta kaikki edella mainitut tie- 
dot voidaan lahettaa tukiasemalle. 

Kuviosta 5 nahdaan, etta tilaajapaatelaitteen suorittaman laatumit- 
tauksen perusteella valitaan alustavat ehdokkaat tukiaseman lahetysantennik- 
si, lahetyssuunnaksi tai lahetyskeilaksi. Alustavien valintojen perusteella teh- 

35 daan lopullinen valinta, joka voidaan tehda tapauksesta riippuen joko tilaaja- 
paatelaitteessa tai tukiasemassa. 
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Kuvio 6 selventaa valintaprosessia. Kuviossa 6 esitetaan alueet 250 
ja 252, jotka ovat ellipsin muotoisia. Alueet 250 ja 252 limittyvat jonkin verran. 
Limittyva alue 251, joka on yhteinen alueille 250, 252, on kenoviivoitettu. Kun 
alueesta 250 vahennetaan alueiclen 250 ja 252 yhteinen alue 251, jaa erotuk- 
5 seksi alue A. Kun alueesta 252 vahennetaan alueiclen 250 ja 252 yhteinen 
alue, jaa erotukseksi alue B. Oletetaan edelleen, etta antenni 140 lahettaa 
signaalia S1 ja etta antenni 141 lahettaa signaalia S2. Kun tilaajapaatelaitteen 
vastaanottamat signaalit tayttavat alueella A olevan laatuehclon (S^Th, 
S 2 >Th), valitaan antenni 141. Kun taas tilaajapaatelaitteen vastaanottamat 

10 signaalit tayttavat alueella B olevan ehclon (S^Th, S 2 <Th), valitaan antenni 
140. Kahdessa edellisessa tapauksessa tilaajapaatelaite tekee lopullisen 
paatoksen tukiaseman kayttamasta lahetysantennista. 

Mikali taas tilaajapaatelaitteen vastaanottamat signaalit ovat alu- 
eella 251, tilaajapaatelaite lahettaa tukiasemalle tiedon, etta molemmat sig- 

15 naalit ylittavat kynnyksen. Tiedon saatuaan tukiasema voi halutessaan valita 
antennin 140 ja/tai antennin 141. Tassa tilanteessa tukiasema tekee lopullisen 
lahetysantennivalinnan. Antennin lisaksi voidaan valita ja tehda paatos esi- 
merkiksi lahetyssuunnasta tai keilasta, jota tukiasema kayttaa lahetyksessaan. 
Kun tilaajapaatelaite siirtaa paatosvalinnan tukiasemalle, niin samalla tilaaja- 

20 paatelaite informoi tukiasemaa sopivista antenniehdokkaista. Kun lopullinen 
valintapaatos tehdaan tukiasemassa, valitsee tukiasemassa oleva valine 102 
lahetyskeilaksi vahiten interferenssia aiheuttavan lahetyskeilan. Kun taas lo- 
pullinen valintapaatos tehdaan tilaajapaatelaitteessa, valitsee tilaajapaatelait- 
teessa oleva valine 202 tukiaseman lahetyskeilaksi vahiten interferenssia ai- 

25 heuttavan lahetyskeilan. 

Kun tukiasemalle on annettu oikeus paattaa diversiteettiantenniva- 
linnasta, voi tukiasema tehda valintapaatoksen lahetysantennista vahvistimen, 
joka syottaa antennia, kuormituksen perusteella. Paatos voi perustua esimer- 
kiksi verkon tai vahvistimen senhetkiseen kuormitukseen, vahvistimen lyhyen 

30 tai pitemman ajan kuormitukseen. Tukiasemassa oleva valine 102 valitsee 
syottamaan valittua lahetysantennia edullisesti sen vahvistimen, jolla on pienin 
kuormitus. Talla tavalla vahvistimien kuormitustilanne pysyy koko ajan mah- 
dollisimman hyvin tasapainossa. 

Vahvistimien todellista kuormitustilannetta voidaan jatkuvasti esti- 

35 moida erilaisilla tavoilla. Valine 102 voi pitaa lukua pitemman ajan aikana teh- 
dyista valinnoista. Lisaksi valine 102 voi pitaa lukua senhetkista ja lyhyen ajan 
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valinnoista. Estimoinnit voidaan toteuttaa helposti esimerkiksi kahden laskurin 
avulla. Pitemman ajan aikana tehtyja valintoja lukuapitava laskuri voi laskea 
esimerkiksi keskitehon jokaiselle vahvistimelle. Sen sijaan lyhyen ajan aikana 
tehtyja valintoja lukuapitava laskuri voi pitaa lukua esimerkiksi maksimikuor- 

5 mitustilanteista. Viimeksimainittu laskuri voi pitaa lukua esimerkiksi juuri silla 
hetkella lahetettavan aikavalin aikaisesta kuormitustilanteesta. Mikali kayte- 
taan useampia laskureita, voidaan eri kuormitustilanteiden esiintymistodenna- 
kdisyyksia laskea erilaisilla tilastollisilla menetelmilla. 

Kuormitustilannetietoja voidaan kayttaa hyvaksi vahvistimien kayt- 

10 toastetietojen paivittamisessa. Paivitettavia tietoja voidaan painottaa ottamalla 
huomioon lahetyksessa kaytetty tiedonsiirtonopeus, koska tiedonsiirtonopeus 
on verrannollinen vaadittuun lahetystehoon. Tama tarkoittaa kaytannossa sita, 
etta lahetettaessa signaalipurske perusnopeudella, kasvatetaan iaskuria esi- 
merkiksi yhdella yksikolla. Kun taas purske lahetetaan esimerkiksi q-kertaisella 

15 perusnopeudella, kasvatetaan Iaskuria q-yksikon verran. 

Koska tiedonsiirtomenetelma perustuu ns. suljetun silmukan kayt- 
tamiseen, pienenee menetelman kaytosta saatava hyoty jonkin verran, kun ti- 
laajapaatelaite liikkuu suurella nopeudella. Kun radiojarjestelma on havainnut 
tilaajapaatelaitteen liikenopeuden ylittavan ennalta maaratyn rajanopeuden, 

20 voi tukiasema lahettaa tilaajapaatelaitteelle komennon, jonka perusteella ti- 
laajapaatelaite keskeyttaa antennivalintabittien lahettamisen tukiasemalle. Ra- 
diojarjestelmassa voidaan ottaa kayttoon jokin toinen downlink-suunnassa 
kaytettava diversiteettimenetelma siksi ajaksi kun tiiaajapaatelaite liikkuu suu- 
rella nopeudella. Mikali tiiaajapaatelaite kykenee itse mittaamaan nopeutensa, 

25 voi tiiaajapaatelaite lahettaa tukiasemalle tiedon sopivasta lahetysantennista. 
Downlink-suuntaan lahettavan antennin valinta voi perustua myos ns. yhdis- 
tettyyn valintaan, jossa paatos antennista tehdaan tilaajapaatelaitteen teke- 
man paatoksen ja tukiaseman tekeman paatoksen perusteella. 

Mikali valittavia antenneja on esimerkiksi M-kappaletta, on tilaaja- 

30 paatelaitteen lahettaman antennivalintainformaation maara riippuvainen em. 
informaation lahetykseen kulloinkin varatusta kapasiteetista. Mikali signaalike- 
hyksessa oleva datakentta on tarpeeksi suuri, voidaan informaatio parhaista 
antenneista ja tieto niiden paremmuusjarjestyksesta lahettaa tukiasemalle. 
Yleistyksena voidaan todeta, etta mita useampia lahetysantenneja downlink- 

35 suunnan lahetyksessa kaytetaan, sita todennakoisemmin saadaan optimaali- 
sin lahetysantenni valituksi. Toisaalta tuolloin tilaajapaatelaitteella pitaa olla 



'/F199/Q1062 



11 

kapasiteettia lahettaa useampia valintabitteja tukiasemalle. 

Tilaajapaatelaitteessa, joka toimii vastaanottimena, kaytetaan siis 
yhta tai useampaa kynnystasoa, jonka soveltaminen mahdollistaa vastaan- 
otetuissa kanavissa olevien signaalien jaottelun ja ryhmittelyn. Jaottelun avulla 
5 voidaan downlink-suuntaiset kanavat erotella eri ryhmiin kuten esimerkiksi 
'hyva\ 'keskinkertainen' ja 'huono'. 

Kynnys tai kynnykset asetetaan siten, etta ne jakavat toiminta- 
alueen mahdollisimman tarkoituksenmukaisesti, jolloin eri kanavatilat voidaan 
erottaa. Kun kaytetaan vain yhta kynnysta, pitaa erityista huomiota kayttaa 

10 kynnyksen valinnassa, koska kanavien erotteleminen tehdaan tuolloin suhteel- 
lisen karkeasti. Jos kynnys asetetaan liian alas, niin antennivalinta voidaan 
tehda suuren vaimennuksen omaavan kanavan perusteella, mika ei ole suota- 
vaa. Jos kynnys on asetettu liian korkealla, niin hyvalaatuisia kanaviakin voi- 
daan hylata kanavien jaotteluprosessin aikana. Kynnyksen asettamisessa voi- 

15 daan ottaa huomioon myos aiemmin lahetetyt tehonsaatokomennot. 

Mikali useampi kanava on tilaajapaatelaitteen kannalta hyvaksytta- 
vissa downlink-suuntaiseen lahetykseen, antaa tilaajapaatelaite tukiasemalle 
paatosvallan valinta sopivimman lahetysantennin. Valinta perustuu tukiase- 
massa olevien tehovahvistimien kuormitustilanteeseen. Edella mainitussa ti- 

20 lanteessa tukiasema voi tasapainottaa mahdollisuuksiensa mukaan tukiase- 
mien kuormitustilannetta. 

Mikali taas tilaajapaatelaitteelle lahetetaan kahdella eri kanavalla 
signaaleja, jotka ovat vastaanotettaessa laadultaan 'huonoja', voidaan tiedot 
kanavien laadusta ilmoittaa tukiasemalle kahdella bitilla, esimerkiksi signaloin- 

25 tikombinaatiolla '11'. Signaloinnin avulla tilaajapaatelaite informoi tukiasemaa, 
etta periaatteessa mikaan mitatuista downlink-suunnan kanavista ei ole hyva 
kaytettavaksi lahetykseen, jolloin mainittujen signaalien lahettaminen voidaan 
keskeyttaa. Lahetyksen keskeytysta voidaan kayttaa lahetettaessa dataa esi- 
merkiksi paketeissa. Kun kaytetaan reaaliaikaista lahetysta ja kun tilaajapaa- 

30 telaitteen vastaanottamista signaaleista kaikki alittavat laatukynnyksen, vali- 
taan parhaimman signaalin lahettanyt antenni jatkamaan signaalin lahetysta. 

Mikali tukiasema on lahettamassa dataa tai esimerkiksi ei-reaali- 
aikaista tietoa, voi tukiasema tarvittaessa keskeyttaa lahetyksen kunnes pa- 
remmat kanavaolosuhteet ovat jalleen saatavilla. Nain voidaan valttaa tilanne, 

35 jossa tukiasema yrittaa turhaan luoda yhteyden nostamalla lahetystehonsa, 
jolloin hairiot radiojarjestelman muille signaaleille lisaantyvat. Menetelmalla on 
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siis mahdollista ehkaista esimerkiksi yhteiskanavahairioiden syntyminen. Re- 
aaliaikaisessa lahetyksessa, jossa signalointivirran pitaisi olla jatkuvaa, voi tu- 
kiasema lahettaa tilaajapaatelaitteella signaalia useammankin antennin avulla. 

Vaikka keksintoa on edella selostettu viitaten oheisten piirustusten 
5 mukaiseen esimerkkiin, on selvaa, ettei keksinto ole rajoittunut siihen, vaan 
sita voidaan muunnella monin tavoin oheisten patenttivaatimusten esittaman 
keksinnollisen ajatuksen puitteissa. 
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Patenttivaatimukset 

1. Tiedonsiirtomenetelma, jota kaytetaan radiojarjestelmassa, joka 
koostuu tilaajapaatelaitteesta (200) ja ainakin yhdesta tukiasemasta (100), jo- 
ka lahettaa antenninsa (140, 141) avulla tilaajapaatelaitteelle signaaleja, 
tunnettu siita, etta 

maaritetaan tilaajapaatelaitteen vastaanottamien signaalien laaduk- 
kuus vertaamalla vastaanotettuja signaaleja ainakin yhteen signaalin laadun 
kynnystasoon, 

lahetetaan kynnyksen ylittaneen signaalin lahettaneelle tukiase- 
malle (100) tieto antenneista, jotka lahettivat kynnyksen ylittaneita signaaleja, 
tai tieto lahetyssuunnista, joista kynnyksen ylittanytta signaalia vastaanotettiin, 

valitaan antenneista, jotka lahettivat kynnyksen ylittanytta signaalia, 
antenni tai antennit, jotka jatkavat signaalin lahettamista mainitulle tilaajapaa- 
telaitteelle (200), tai valitaan lahetyssuunnista, joista vastaanotettiin kynnyksen 
ylittanytta signaalia, lahetyssuunta tai lahetyssuunnat, joihin signaalin lahetta- 
mista mainitulle tilaajapaatelaitteelle jatketaan. 

2. Tiedonsiirtomenetelma, jota kaytetaan radiojarjestelmassa, joka 
koostuu tilaajapaatelaitteesta (200) ja ainakin yhdesta tukiasemasta (100), jo- 
ka lahettaa antenninsa (140, 141) avulla tilaajapaatelaitteelle signaaleja, 
tunnettu siita, etta 

maaritetaan tilaajapaatelaitteen (200) vastaanottamien signaalien 
laadukkuus vertaamalla vastaanotettuja signaaleja ainakin yhteen signaalin 
laadun kynnystasoon, 

ainoastaan yhden signaalin ylittaessa kynnyksen, lahetetaan kyn- 
nyksen ylittaneen signaalin lahettaneelle tukiasemalla (100) komento kayttaa 
signaalin lahettamisessa mainitulle tilaajapaatelaitteelle antennia, jolla lahetet- 
tiin kynnyksen ylittanyt signaali, tai lahetyssuuntaa, johon kynnyksen ylittanyt 
signaali lahetettiin. 

3. Patenttivaatimuksen 1 mukainen menetelma, tunnettu siita, 
etta useamman signaalin laadun ollessa hyvaksyttavissa olevien tasojen valis- 
sa, lahetetaan signaalien laadusta tukiasemalle (100) tieto, joka perusteella 
tukiasema voi itse paattaa, minka antennin avulla tai mihin suuntaan tukiase- 
ma jatkaa signaalin lahettamista. 

4. Patenttivaatimuksen 1 mukainen menetelma, tunnettu siita, 
etta tukiasemien lahettamia signaaleja vahvistetaan vahvistimilla (121), ja me- 
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netelmassa lahetysantenniksi valitaan antenni, joka on kytkettyna vahvisti- 
meen, jolla on pienin kuormitus. 

5. Patenttivaatimuksen 1 mukainen meneteima, t u n n e 1 1 u siita, 
etta tukiasemien lahettamia signaaleja vahvistetaan vahvistimien (121) avulla 

5 ennen iahettamista, ja menetelmassa tehdaan vaiintapaatos vahvistimien 
kuormitustilanteen perusteella. 

6. Patenttivaatimuksen 1 tai 2 mukainen meneteima, t u n n e 1 1 u 
siita, etta mikaii tilaajapaatelaitteen (200) vastaanottaman signaalin laatu on 
alimman hyvaksyttavan laatutason alapuolella, lahetetaan tieto edella mainitun 

10 signaalin laadusta tukiasemalle, joka tiedon saatuaan keskeyttaa huonolaatui- 
sen signaalin lahettamisen. 

7. Patenttivaatimuksen 1 mukainen meneteima, tunnettu siita, 
etta lahetetaan signaalia tilaajapaatelaitteelle (200) keilojen avulla, ja lopulli- 
nen paatos tukiasemassa kaytettavasta lahetysantennista, lahetyssuunnasta 

15 tai keilasta tehdaan tukiasemassa (100). 

8. Patenttivaatimuksen 2 mukainen meneteima, tunnettu siita, 
etta lahetetaan signaalia tilaajapaatelaitteelle keilojen avulla, ja lopullinen 
paatos tukiasemassa kaytettavasta lahetysantennista, lahetyssuunnasta tai 
keilasta tehdaan tilaajapaatelaitteessa (200). 

20 9. Patenttivaatimuksen 1 mukainen meneteima, tunnettu siita, 

etta valitaan tukiaseman lahetyskeila, joka aiheuttaa vahiten interferenssia, ja 
tehdaan vaiintapaatos tukiasemassa (100). 

10. Patenttivaatimuksen 2 mukainen meneteima, tunnettu siita, 
etta valitaan tukiaseman lahetyskeila, joka aiheuttaa vahiten interferenssia, ja 

25 tehdaan vaiintapaatos tilaajapaatelaitteessa (200). 

1 1. Radiojarjesteima, joka kasittaa ainakin yhden tilaajapaatelait- 
teen (200) ja ainakin yhden tukiaseman (100), joka kasittaa antennin (140, 
141), jonka avulla tukiasema lahettaa signaaleja tilaajapaatelaitteelle, tun- 
nettu siita, etta 

30 tilaajapaatelaite kasittaa mittausvalineen (230), joka maarittaa ti- 

laajapaatelaitteen vastaanottamien signaalien laadukkuuden vertaamalla 
vastaanotettuja signaaleja ainakin yhteen signaalin laadun kynnystasoon, 

tilaajapaatelaite (200) lahettaa kynnyksen ylittaneen signaalin la- 
hettaneelle tukiasemalle tiedon antenneista, joiden avulla kynnyksen ylittanyt 

35 signaali lahetettiin, tai tiedon lahetyssuunnista, joista kynnyksen ylittanyt sig- 
naali vastaanotettiin, 



P C T 7 F 19 9 / 0 1 0 6 2 



15 

tukiasema (100) kasittaa valineen (102), joka valitsee kynnyksen 
ylittaneiden signaaleiden lahettaneista antenneista (140, 141) antennin tai 
antennit, jotka jatkavat signaalin lahettamista mainitulle tilaajapaatelaitteelle 
(200), tai valine (102) valitsee kynnyksen ylittaneiden signaalin lahetyssuun- 
5 nista lahetyssuunnan tai lahetyssuunnat, joihin tukiasema jatkaa signaalin la- 
hettamista. 

12. Radiojarjestelma, joka kasittaa ainakin yhden tilaajapaatelait- 
teen (200) ja ainakin yhden tukiaseman (100), joka kasittaa antennin (140, 
141), jonka avulla tukiasema lahettaa signaaleja tilaajapaatelaitteelle, tun- 

10 n e 1 1 u siita, etta 

tilaajapaatelaite (200) kasittaa mittausvalineen (230), joka maarittaa 
tilaajapaatelaitteen vastaanottamien signaalien laadukkuuden vertaamalla 
vastaanotettuja signaaleja ainakin yhteen signaalin laadun kynnystasoon, 

ainoastaan yhden signaalin ylittaessa kynnyksen, tilaajapaatelaite 
15 (200) lahettaa kynnyksen ylittaneen signaalin lahettaneelle tukiasemalle (100) 
komennon kayttaa signaalin lahettamisessa mainitulle tilaajapaatelaitteelle sita 
antennia, jonka avulla tukiasema lahetti kynnyksen ylittaneen signaalin, tai sita 
lahetyssuuntaa, johon kynnyksen ylittanyt signaali lahetettiin. 

13. Patenttivaatimuksen 1 1 mukainen radiojarjestelma, tun- 
20 n ett u siita, etta useamman signaalin laadun ollessa hyvaksyttavissa olevien 

tasojen valissa, tilaajapaatelaite (200) lahettaa tukiasemalle tiedon, joka pe- 
rusteella tukiasema voi itse paattaa, minka antennin (140, 141) avulla tai mihin 
suuntaan tukiasema jatkaa signaalin lahettamista. 

14. Patenttivaatimuksen 11 mukainen radiojarjestelma, tun- 
25 n ett u siita, etta tukiasema kasittaa vahvistimia (121), jotka vahvistavat sig- 
naaleja ennen signaalien lahettamista, ja valine (102) valitsee tukiaseman la- 
hetysantenniksi antennin tai antennit, jotka on kytkettyna vahvistimeen, jolla 
on pienin kuormitus. 

15. Patenttivaatimuksen 11 mukainen radiojarjestelma, tun- 
30 n e tt u siita, etta tukiasema kasittaa vahvistimia (121), jotka vahvistavat sig- 
naaleja ennen signaalien lahettamista, ja valine (102) tekee valintapaatoksen 
vahvistimien (121) kuormitustilanteen perusteella. 

16. Patenttivaatimuksen 11 tai 12 mukainen radiojarjestelma, 
tunnettu siita, etta mikali tilaajapaatelaitteen vastaanottaman signaalin 

35 laatu on alimman hyvaksyttavan laatutason alapuolella, tilaajapaatelaite (200) 
lahettaa tiedon edella mainitun signaalin laadusta tukiasemalle, joka tiedon 
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saatuaan keskeyttaa signaalin lahettamisen silla antennilla, jonka lahettama 
signaali alitti kynnyksen. 

17. Patenttivaatimuksen 1 1 mukainen radiojarjestelma, tun- 
nettu siita, etta tukiasema (100) lahettaa signaalia tilaajapaatelaitteelle 

5 (200) keiiojen avulla, ja lopullisen paatoksen tukiasemassa kaytettavasta la- 
hetysantennista, lahetyssuunnasta tai keilasta tehclaan tukiasemassa (100). 

18. Patenttivaatimuksen 12 mukainen radiojarjestelma, tun- 
nettu siita, etta tukiasema (100) lahettaa signaalia tilaajapaatelaitteelle 
(200) keiiojen avulla, ja lopullinen paatos tukiasemassa (100) kaytettavasta la- 

10 hetysantennista, lahetyssuunnasta tai keilasta tehdaan tilaajapaatelaitteessa 
(200). 

19. Patenttivaatimuksen 1 1 mukainen radiojarjestelma, tun- 
n e 1 1 u siita, etta tukiasema kasittaa valineen (102), joka valitsee tukiaseman 
lahetyskeilaksi vahiten interferenssia aiheuttavan lahetyskeilan. 

15 20. Patenttivaatimuksen 12 mukainen radiojarjestelma, tun- 

nettu siita, etta tilaajapaatelaite kasittaa valineen (202), joka valitsee tuki- 
aseman lahetyskeilaksi vahiten interferenssia aiheuttavan lahetyskeilan. 
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(57) Tiivistelma 

Keksinnon kohteena on tiedonsiirtomenetelma ja radio- 
jarjestelma, joka kasittaa ainakin yhden tiiaajapaatelait- 
teen (200) ja ainakin yhden tukiaseman (100), joka kasit- 
taa antennin (140, 141), jonka avulla tukiasema lahettaa 
signaaleja tilaajapaatelaitteelle. Tilaajapaatelaite (200) ka- 
sittaa mittausvalineen (230), joka maarittaa tilaajapaate- 
laitteen vastaanottamien signaalien laadukkuuden ver- 
taamalla vastaanotettuja signaaleja ainakin yhteen sig- 
naalin laadun kynnystasoon. Ainoastaan yhden signaalin 
ylittaessa kynnyksen, tilaajapaatelaite (200) lahettaa kyn- 
nyksen ylittaneen signaalin lahettaneelle tukiasemalle 
(100) komennon kayttaa signaalin lahettamisessa maini- 
tulle tilaajapaatelaitteelle sita antennia, jonka avulla tuki- 
asema lahetti kynnyksen ylittaneen signaalin, tai sita la- 
hetyssuuntaa, johon kynnyksen ylittanyt signaali lahetet- 
tiin. 

(Kuvio 1) 



